Primary tumor resection (PTR) is recommended for patients with unresectable stage IV colorectal cancer (CRC) who present with symptoms related to their primary tumor. However, the survival benefit of PTR for asymptomatic patients is controversial. We investigated the change in PTR rates and the contribution of PTR to survival in patients with unresectable stage IV CRC over the past two decades in the United States. Clinicopathological factors and long-term survival were compared for 44 514 patients diagnosed with unresectable stage IV CRC from January 1, 1988, through December 31, 2010, who had or had not undergone PTR. Multivariable Cox regression and the instrumental variable method were used to identify independent factors for survival. Of the 44 514 patients with unresectable stage IV CRC, 27 931 (62.7%) had undergone PTR. The annual rate of PTR decreased from 74.4% to 50.2% diagnosed in 1988 and 2010, and the median overall survival increased for both PTR and non-PTR patients. Instrumental variable analyses revealed that PTR was associated with better overall, cancer-specific, and other-cause survival of patients with unresectable stage IV CRC.
, and removal of the lesion delays initiation of systemic chemotherapy.
Prolongation of overall survival in patients with unresectable stage IV CRC may increase the patients' exposure to possible complications from the primary tumor. Hence, there may be a potential advantage in removing the asymptomatic primary tumor in such patients. The results from a randomized controlled trial would help answer the question of whether and/or when primary tumor resection (PTR) is indicated in patients with stage IV CRC. However, two recent randomized controlled trials on this topic (NCT01086618 and ACTRN12609000680268) were canceled because of insufficient recruitment of patients due to aversion to randomization. We therefore performed a retrospective study to determine the PTR rate in patients with stage IV CRC in the United States and to evaluate the effect of PTR on survival in such patients.
Materials and Methods
Data Source. We abstracted data from the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) 18 registries database (November 2013 submission) 10 . In total, the database covers approximately 27.8% of the US population (based on the 2010 Census).Different years of diagnosis are included for different registries, ranging from 1973 to 2011. The data reported in this study represent the most recent follow-up (December 31, 2011) available in the SEER database.
Cohort. We used SEER*Stat (version 8.1.5) to generate a case list. Patients aged 18-90 years with histologically confirmed first primary stage IV colorectal adenocarcinoma diagnosed between January 1, 1988 , and December 31, 2010, were eligible to be included in the study. We used code 4 (distant) in SEER historic stage A to identify patients who had presented with metastatic disease. This SEER submission includes cases through December 31, 2011, which would represent either the date of the last cancer diagnosis or the date of last follow-up. However, we excluded patients diagnosed in 2011 because those patients had less than 1 year of potential follow-up time available (as the data cutoff date is December 31, 2011).The exclusion criteria were survival time of less than 30 days after a confirmed diagnosis; CRC being not the first diagnosis of malignant disease; and cancer reported from a nursing home, hospice, autopsy, or death certificate. To minimize the number of patients who had received surgery with curative intent, we also excluded patients who had undergone partial or total removal of other organs during PTR.
We generated a case list with information on the following variables: year of diagnosis, age at diagnosis, sex, race/ethnicity, marital status at diagnosis, tumor grade, site recode ICD-O-3/WHO 2008, vital status recode (study cutoff used), survival months, survival months flag (see below), reason no cancer-directed surgery, SEER cause-specific death classification, and SEER other-cause-of-death classification. The last two variables indicate whether the person died of the cancer (cause-specific survival) or causes other than the cancer. Because patients cannot be identified from the data, the Institutional Review Board of the First Affiliated Hospital of Soochow University exempted this study from review. Treatment Variables. PTR was defined as partial, subtotal, or total colectomy; proctectomy; or total proctocolectomy without partial or total removal of other organs. Non-PTR patients were those who had had no surgery, local tumor destruction, or excision 11 
.
Outcome Measures. We used the vital status recode (study cutoff used), SEER cause-specific death classification, and SEER other-cause-of-death classification variables to extract data on the status of patients at the time of last follow-up. Based on this information, we calculated overall, cause-specific, and other-cause survival rates. We used the survival months variable to extract information on time from the date of diagnosis to last follow-up. SEER*Stat estimates survival time in months by subtracting the date of diagnosis from the date of death or last contact. We used the survival months flag variable to identify missing or incomplete survival data. We excluded patients who had conflicting data or who died prior to recommended surgery.
Statistical Analysis. Clinicopathologic factors of patients with stage IV CRC who had and had not undergone PTR were compared by χ 2 tests. The PTR rate was calculated for each year in the study period. Survival times for different strata were compared by using the log-rank test. We created separate Kaplan-Meier survival curves for PTR and non-PTR patients. The significance of trends in values was determined with the Cochran-Armitage trend test. We performed a univariate Cox proportional hazards regression analysis to determine the hazard ratios (HRs) of death with respect to year of diagnosis, age, sex, race/ethnicity, marital status, tumor grade, tumor location, and PTR. We performed multivariable analyses on the association between PTR and survival duration, adjusting for all the applicable confounders listed above.
We used a two-stage residual inclusion estimation framework for instrumental-variable analysis to adjust for unmeasured confounding 12, 13 . Health Service Area (HSA) definitions were linked to the SEER data by county of residence, allowing the patients to be organized into contiguous clusters of counties that correspond to geographic markets for health care. We used the National Cancer Institute modification, which defines HSAs within specific SEER catchment areas 14 . We created a five-category instrumental variable by grouping patients into quintiles on the basis of the rate of PTR use in the patient's HSA, with quintile 1 corresponding to the lowest rate of PTR, and quintile 5 corresponding to the highest rate of PTR. We excluded patients who lived in HSAs with fewer than 10 patients, because we could not be certain that the PTR rates for those HSAs were accurate. HSA-level utilization has been used previously as an effective instrumental variable in cases where the use of an intervention of interest varied by hospital 15, 16 . To assess the validity of PTR use per HSA as an instrumental variable, we confirmed that percent PTR use in an HSA was highly correlated with likelihood of a PTR-eligible patient in that HSA having undergone PTR (F statistic > 10) 17 but not associated with survival in a standard multivariable proportional hazards model. We also examined covariate balance across quintiles. In the first-stage model, we measured the association between PTR and the instrumental variable, adjusting for patient-level covariates, including surgery. From this model, we determined the raw residual for each patient by calculating the difference between the model-predicted probability of undergoing PTR and the actual treatment received. The residuals were then included as an additional covariate in our second-stage survival model.
All P values were two-tailed. A P value less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 22.0 (IBM Inc., Armonk, NY).
Results
Patient Characteristics. We identified 50 879 patients with first primary stage IV CRC diagnosed between 1988 and 2010.We excluded 6 262 patients with inconsistencies in the form of a record of Surgery of othreg/dis sites (1998) (1999) (2000) (2001) (2002) or RX Summ-SurgOthReg/Dis (2003+ ) and RX Summ-Surg Prim Site (1998+ ) variables, diagnosed later than 1998 with a record of surgery at non-primary sites. Thirty-five patients who died prior to recommended surgery were also excluded, as were 68 patients who lived in 15 HSAs with fewer than 10 patients eligible for PTR. In summary, 44 514 patients in 187 HSAs were included. PTR rates ranged from 39.5% to 84.6% across the 187 HSAs (median 62.5%). The median age at diagnosis was 66 years (interquartile range 56-75 years). The overall median follow-up time was 85 months. Overall, 62.7% of the patients had undergone PTR. Compared with patients who had not undergone PTR, those who had undergone PTR were more likely be white, married or to have the tumor in the colon. The PTR rates for patients with stage IV CRC diagnosed in 1988 or 2010 were 74.4% and 50.2%, respectively (Fig. 1) , representing a significant decrease in the use of PTR over time (P trend < 0.001).
Survival Analysis. Standard Cox Proportional Hazards Models. The median overall survival time for stage IV CRC patients who had PTR improved from 10 months to 22 months for patients diagnosed in 1988 and 2009 (P < 0.001). Survival for 2010 was not reported owing to limited follow-up time.
Overall survival for non-PTR patients also increased from 4 to 11 months in the same period (P < 0.001) ( Table 1 and Fig. 1 ). The median overall survival time for the entire cohort of patients with stage IV CRC was 12 months (95% confidence interval [CI]11.8-12.2). The median overall survival times for patients who had undergone PTR and patients who had not undergone PTR were 16 months (95% CI, 15.7-16.3) and 7 months (95% CI, 6.8-7.2), respectively (Fig. 2) . P trend values for median overall survival times of PTR and non-PTR patients with respect to the year of diagnosis were less than 0.001. In a multivariable analysis with adjustment for year of diagnosis, age, sex, race/ethnicity, marital status, tumor grade, and tumor location, the risk for all-cause death was higher for patients who had not undergone PTR than for those who had (HR 0.45, 95% CI 0.44-0.46). Furthermore, patients with PTR had longer cancer-specific Table 2 ). The following characteristics were associated with longer survival: young age; Asian ethnicity; well or moderate tumor differentiation; tumor location in the rectosigmoid, rectum, or left colon; and recency of diagnosis ( Table 3 . The instrumental variable was strongly associated with the use of PTR (χ 2 test, P < 0.001). This relationship persisted in a multivariable model adjusted for all measured patient characteristics (F statistic = 566.04). Furthermore, in a standard proportional hazards survival model, we observed no independent association between the instrumental variable and overall survival (HR 0.99, 95% CI 0.98-1.00, P = 0.09). Taken together, these findings suggest that HSA PTR rate satisfies the two principal requirements for a valid instrument.
The survival benefit observed for PTR remained in the two-stage residual inclusion model. Estimates based on this instrument indicate that patients treated with PTR had a significantly lower likelihood of HRs were derived from a two-stage residual inclusion model using the Weibull distribution. Multivariable survival analyses were adjusted for year of diagnosis, age, sex, race/ethnicity, marital status, tumor grade, and tumor location when applicable.
all-cause death than those treated without PTR (HR 0.50, 95% CI 0.49-0.52). We also found significant differences in cancer-specific (HR 0.50, 95% CI 0.49-0.51) and other-cause survival times (HR 0.54, 95% CI 0.49-0.59) between treatment groups (Table 2) .
Discussion
Our population-based study demonstrated a trend toward a lower PTR rate in patients presenting with unresectable stage IV CRC as well as better survival of patients with or without PTR over time. Survival analysis showed that being younger; being Asian; having well or moderately differentiated tumors; having the tumor in the rectosigmoid, rectum, or left colon; being recently diagnosed; or having undergone PTR was associated with longer overall survival. After adjustment for confounders, PTR was an independent factor of good prognosis for all-cause, cancer-specific, and other-cause survival in both standard Cox regression and instrumental variable models. Currently, the recommended initial treatment for unresectable stage IV CRC is systemic chemotherapy 8 . The survival benefit of PTR in asymptomatic patients with unresectable stage IV CRC is controversial. A recent study by Hu et al. showed that the relative survival rate of patients presenting with stage IV CRC improved over time, as the PTR rate decreased 11 . Those authors therefore suggested that PTR may be overused. However, they did not perform a primary comparative analysis of the effect of PTR on survival and argued that such analysis with SEER data is subject to considerable selection bias that cannot be mitigated using standard multivariable regression techniques and that would lead to potential for misinterpretation. We conducted a head-to-head analysis using the SEER data in the same period and introduced percent PTR per HSA as an instrumental variable to reduce the interference of potential confounders. Our results did not agree with those reported by Hu et al. and revealed that PTR was an independent good prognostic factor for all-cause, cancer-specific, and other-cause survival in patients with stage IV CRC, despite the decrease in the rate of noncurative PTR over the last 2 decades.
Our study had several limitations. First, although our goal was to include only data for a first primary CRC, we found that other-site cancer deaths were included in the variable cancer-specific cancer survival. It seems that cancer-associated deaths may not be correctly reported in SEER. Second, although we had rich data on patient and tumor characteristics, we lacked data on potential confounders, such as performance status and chemotherapy. Nevertheless, to the extent that patients in different HSAs have generally similar performance statuses and other characteristics, the lack of such information was not likely to influence our results. Finally, SEER provides no information regarding the reasons for PTR, while providing reasons for decisions not to perform cancer-directed surgery. Patients in our study who had undergone PTR could have undergone palliative resection or resection of metastasis with curative intent. However, the relationship between PTR and longer survival was not undermined when we used the HSA PTR rate as an instrumental variable to mimic randomization to therapy.
There are several potential explanations for the observed association between increased survival time and PTR in patients with stage IV CRC. First, the improvement in survival following PTR may be attributed to a better response to chemotherapy after reduction of tumor burden 18 . This has been demonstrated by the proven benefit of resecting primary renal and ovarian tumors in the presence of metastatic disease 19, 20 . Survival of resection patients may also improve because the patients are less likely to develop obstruction and perforation, complications known to be associated with high operative mortality and morbidity 21 . Moreover, surgical removal of the primary tumor may restore immunocompetence, even in patients with metastatic disease 22 . Patients with unresectable stage IV CRC may also survive longer after PTR due to changes in clinicopathological factors such as reduced comorbidities, improved performance status, and reduced nutritional deficiencies. However, we did not observe differences in available clinicopathological factors between PTR patients and non-PTR patients in our analyses.
We have demonstrated that in patients with stage IV CRC, the use of PTR decreased and survival increased between 1988 and 2010. Subgroup analysis showed that the survival times improved over time in both PTR and non-PTR patients. The benefit of PTR remained with the addition of more effective chemotherapeutic options. Our findings revealed that PTR may improve not only overall survival but also cancer-specific and other-cause survival of patients with stage IV CRC. Prospective trials are needed to confirm the effectiveness of PTR in patients with stage IV CRC, especially in asymptomatic patients.
